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Introduction 


The steam reformer is a rectangular insulated structure containing 
vertically supported tubes filled with nickel oxide catalyst in which the 
steam reforming takes place at elevated temperatures. In the reformer, 
steam is mixed with the natural gas and the combined stream is further 
heated and routed through tubes in a reforming furnace containing 
nickel oxide catalyst. Here a reforming reaction occurs in which 
methane in the natural gas is partially converted into hydrogen, carbon 
dioxide and carbon monoxide 

CH4 + H2O -► CO + 3H2 (Steam Methane) 

CO + H2O -► CO2 + H 2 (Water Gas Shift) 



Fig. 1 Steam Reformer 


The Steam Reformer is one of the main equipment in Ammonia, Methanol and Hydrogen plants and operates at the 
front-end of the plant providing the hydrogen and synthesis gas required downstream. The plants cannot operate 
without the steam reformer and so the overall plant reliability is directly linked to the reformer reliability. 

The cost of the reformer is a substantial part of the 
investment of the complete plant. A typical re¬ 
tubing of 20 tubes can cost 4 M USD in addition to 
the down time production loss including the 
procurement lead time. The secondary damage 
may result in significant safety risks as well as 
replacement costs, ra 


The catalyst tubes are designed within creep range 
which makes it highly sensitive to change in 
operating temperature which can significantly 
reduce the definite design lifetime of the tubes. 
Generally, an increase of about 25°F (12°C) or an 
increase of 15% on stress can cut the remaining life 
in half or more.! 1 ] 


Fig. 2 Hydrogen Production from Steam Reformer 


This makes the application of effective integrity management program for the catalyst tubes is of an essential need to 
maintain the plant production and avoid long shutdown and production loss. This program shall incorporate the proper 
understanding of the reformer characteristics, monitoring, inspection, data analysis and remaining life assessment. 



Reformer Types, Function and main components 

There are different types of steam reformers -categorized based on the burners arrangement- each have its own 
characteristics. Main types of the steam reformers are briefed below: 


1. Top Fired Reformers 

This is one of the most widely used steam reformers in which the burners are located at the 
top of the reformer arranged between the tube rows and the flue gases flowed downward. In 
this type of reformers, the heat flux is very high at the top part of the tube which made the tube 
subjected to the highest thermal stresses at this portion. The highest tube wall temperature is 
at the bottom part of the tube which made this portion the most susceptible to creep damage. 


Ml 


Fig. 3 Top fired reformer 
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Firing occurs only on one level, so the number of burners relative to the number of tubes is smaller compared to the 
side and terrace type. The convection section might have auxiliary burners to boost the flue gas temperature in the 
convection section. 


Note: In some old top fired reformers where the materials had limited creep strength, different values for tube design temperature 
were used to allow for using thinner tube at the top part to avoid rupture under thermal stresses across the tube wall. 


2. Terraced wall Reformers 

In the terraced wall reformers (developed by Foster Wheeler), burners are placed in two levels 
in the side walls directed against the refractory wall and the heat transfer occurs mainly by 
radiation from flame and walls. Due to the distribution of the burners in two levels, the heat 
flux is relatively less and the control of the furnace temperature is more flexible. However, the 
relative large number of the burners require more attention in the operation! 3 ]. Temperature 
measurement of the tube walls is much easier in the terrace reformers compared to the top 
fired reformer as the tubes are arranged in single rows between the walls. However, the 
accurate measurement is still so difficult, and the measured temperature need to be 
corrected. The convection section is located vertically above the transfer duct. 



Fig. 4 Terraced wall reformer 


3. Side fired Reformers 

In the side walls reformers, the burners are placed at the aide walls facing the tubes. The heat 
flux is relatively low compared to the top fired. Tube wall temperature can be measured relatively 
with good accuracy as the tubes are arranged in single rows similar to the configuration of the 
terrace wall design. 



Fig. 5 Side fired reformer 


4. Bottom fired Reformers 

In the bottom fired reformers, the burners are placed at the bottom of the reformer and arranged 
between the tube rows. The accessibility to the tube wall temperature is restricted as the tubes 
are arranged in multiple rows like the case of the top fired reformer and so the error in the 
measurement can be very high. This type of reformers is not wildly used in the industry. 


Fig. 



Main Componetes 

1. Burners: Main and auxiliary burners 

2. Radiant coils: (Catalyst tubes, Inlet and outlet 
manifolds, Inlet and outlet pigtails) 

3. Ducting (Air ducting and flue gas ducting) 

4. Refractory radiant and auxiliary firing lining 

5. Casing and steel works 

6. Piping included in reformer package: 
Interconnection piping from convection to 

radiant, Steam and mixed feed gas, Inlet distributing pipes, 
Main and auxiliary burners piping, Instrument tubing, drain 
and vent connection 




Fig. 7 Reformer Configuration (Top fired) 


7. Reformer gas main (Main transfer line) 
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